Nuclear factor-kappaB regulates beta-cell death: a critical role for A20 in beta-cell protection.
Apoptotic beta-cell death is central to the pathogenesis of type 1 diabetes and may be important in islet graft rejection. Despite this, genetic control of beta-cell apoptosis is only poorly understood. We report that inhibition of gene transcription sensitized beta-cells to tumor necrosis factor (TNF)-alpha-induced apoptosis, indicating the presence of a regulated antiapoptotic response. Using oligonucleotide microarrays and real-time PCR, we identified TNFAIP3/A20 as the most highly regulated antiapoptotic gene expressed in cytokine-stimulated human and mouse islets. Cytokine induction of A20 mRNA in primary islets and insulinoma cells was rapid and observed within 1 h, consistent with A20 being an immediate early response gene in beta-cells. Regulation of A20 was nuclear factor-kappaB (NF-kappaB)-dependent, two NF-kappaB sites within the A20 promoter were found to be necessary and sufficient for A20 expression in beta-cells. Activation of NF-kappaB by TNF receptor-associated factor (TRAF) 2, TRAF6, NF-kappaB-inducing kinase, or protein kinase D, which transduce signals downstream of Toll-like receptors, TNF receptors, and free radicals, respectively, were all potent activators of the A20 promoter. Moreover, A20 expression was induced in transplanted islets in vivo. Finally, A20 expression was sufficient to protect beta-cells from TNF-induced apoptosis. These data demonstrate that A20 is the cardinal antiapoptotic gene in beta-cells. Further, A20 expression is NF-kappaB dependent, thus linking islet proinflammatory gene responses with protection from apoptosis.